Abstract
Introduction
determined by a self-assessment of secondary sexual characteristics using adapted 1 drawings of the five Tanner stages of pubic hair development (Morris & Udry, 1980) . 
HIIE and CMIE protocols 8
The HIIE protocol consisted of a 3 min warm-up at 20 W, followed by 8 × 1-min 9 intervals at 90% of the peak power determined from the ramp test to exhaustion, 10 interspersed with 75-s of recovery at 20 W, before a 2 min cool down at 20 W. The 11 CMIE protocol incorporated continuous moderate-intensity cycling at 90 % of GET.
12
The duration of CMIE was calculated to match the total external work performed 13 during HIIE for each participant. Participants were encouraged to maintain a 14 constant cadence between 70-85 rpm and remain seated in both HIIE and CMIE 15 protocols. Participants were given verbal encouragement during both exercise 16 protocols and information on how far during the test they had completed.
17
Additionally, each participant was asked to identify which exercise bout they 18 preferred after their final exercise trial.
Expired gas samples during the cardiorespiratory fitness test and exercise protocols 1 (HIIE and CMIE) were measured on a breath by breath basis using a calibrated 2 metabolic cart (Cortex Metalyzer III B, Leipzig, Germany). HR responses were 3 recorded continuously using a telemetry system (Polar Electro, Kempele, Finland).
4
Both gas exchange and HR data were subsequently averaged over 10-s time 5 intervals. The GET was determined from the ramp test data and identified as the 6 disproportionate increase in carbon dioxide production ( CO2) relative to ̇O 2.
7
Maximal oxygen uptake (̇O2max) was determined as the highest 10-s average in 8 ̇O 2 elicited either during the ramp or supramaximal test. Maximal HR (HRmax) was 9 taken as the highest HR achieved during the ramp or supramaximal tests. A cut-off 10 point of ≥90 % HRmax (Taylor et al., 2015) was used as the criterion for compliance to 11 the HIIE protocol.
12

Rating of perceived exertion
13
Rating of perceived exertion (RPE) was assessed using the 1-10 Pictorial Children's 14 Effort Rating Table (PCERT) (Yelling, Lamb, & Swaine, 2002) . The PCERT has a 15 range of numbers familiar to youth (1 to 10) and uses age appropriate verbal 16 expressions as descriptors of exercise effort. The PCERT scale has verbal anchors 17 from 'very, very easy' (1), 'very easy' (2), 'just feeling a strain' (4), 'hard' (7) up to 'so 18 hard I am going to stop' (10). The same verbal instructions were given to all 19 participants before undertaking the exercise protocols, and participants were given 20 several minutes to familiarise themselves with the scale. RPE was determined at the 21 end of the work intervals 2, 4, 6 and 8 during HIIE.
Perceived enjoyment after HIIE and CMIE was measured using the modified PACES 1 for adolescents, which is validated for use with adolescents (Motl et al., 2001) . The 2 PACES includes 16 items that are rated on a 5-point bipolar scale (score 1 = 3 "strongly disagree" to score 5 = "strongly agree"). Total enjoyment was calculated by 4 summing the 16 responses after seven items were reverse-scored. This yielded a 5 possible range of scores from 16 through to 80 with a higher score representing 6 greater enjoyment. In addition, individual item scores were also taken into account and girls were analysed using independent samples t-tests. Cardiorespiratory, 14 perceptual and enjoyment data were analysed using a two-way mixed model 15 analysis of variance (ANOVA) with significance set at p≤0.05. In the event of 16 significant effects, follow-up pairwise comparisons were conducted to examine the 17 location of mean differences. Effect size (ES) was calculated using Cohen's d 18 (Cohen, 1988) , where an ES of 0.20 was considered to be a small change between 19 means, and 0.50 and 0.80 interpreted as a moderate and large change, respectively. 
Results
22
The participants' descriptive characteristics are presented in Table 1 . Pubertal status 23 of the boys and girls was as follows: Tanner stage 2, n = 3 and n = 0; Tanner stage 3, n = 9 and n = 7; Tanner stage 4, n = 10 and n = 17; Tanner stage 5, n = 4 and n = ES=0.01). In boys, the average peak HR was achieved at the end of work interval 8 11 (187 ± 11 bpm) corresponding to 96 % HRmax. In girls, the average peak HR was 12 also achieved at the end of the work interval 8 (185 ± 6 bpm) corresponding to 94 %
13
HRmax. During HIIE, 48 participants (24 boys) reached the cut-off point of ≥90 %
14
HRmax and typically occurred during HIIE work intervals 4 to 5.
15
There was a significant sex by interval number interaction (p=0.02) for 16 absolute ̇O 2 during the work interval of HIIE, but only a significant main effect 17 (p<0.01) for interval number for %̇O2max. Absolute ̇O 2 was significantly higher in between work intervals 1 vs. 2 (p<0.01, ES=0.53) and 6 vs. 7 (p=0.03, ES=0.44).
22
Boys attained their mean highest peak ̇O 2 at the third work interval (2.25 ± 0.47 23 L·min -1 ) corresponding to 85 % ̇O 2max. Conversely, in girls the mean highest ̇O 2 was attained at the seventh work interval (1.79 ± 0.26 ± L·min -1 ) corresponding to 91 1 % ̇O 2max.
2
There was a significant main effect for interval number (all p<0.01) in HR and 3 %HRmax during the recovery intervals of HIIE. There were significant increases in HR 4 across the recovery intervals (all p<0.01, ES>0.61), but not between intervals 5 vs. 6 5 (p=0.22, ES=0.09). In boys, the mean highest recovery HR was achieved during the 6 seventh recovery interval (154 ± 10 bpm) corresponding to 79 % HRmax. In girls, the 7 mean highest recovery HR was also achieved at the seventh recovery interval (159 ± There was a significant main effect for condition (p=0.003) with the PACES score 22 higher after HIIE than CMIE in boys (HIIE=65 ± 8 vs. CMIE=58 ± 11, p=0.003, 23 ES=0.73) and girls (HIIE=61 ± 6 vs. CMIE=58 ± 9, p=0.02, ES=0.39). Figure 3 illustrates the 16 single items PACES scores after HIIE and CMIE for boys and girls 1 separately. For boys and girls, a higher score after HIIE compared to CMIE was 2 found for items "I got something out of it" (p<0.01, ES=0.62), "It's very exciting" 3 (p<0.01, ES=0.32) and "It gives me a strong feeling of success" (p<0.01, ES=1.58).
4
Furthermore, boys and girls reported significantly higher scores after CMIE 5 compared to HIIE for the items "I feel bored" (p<0.01, ES=1.26) and "It's not at all 6 interesting" (p<0.01, ES=0.46). The primary findings from this study are: 1) boys elicited higher absolute ̇O 2 10 responses during the work and recovery HIIE intervals, but elicited lower %̇O2max 11 during the HIIE recovery intervals compared to girls; 2) no significant differences 12 between sexes were found for absolute HR and %HRmax during the work and responses in this present study.
17
In this present study we observed a 'stacking effect' in the HR, but not ̇O 2,
18
response during the HIIE work and recovery intervals (see Figure 1) , suggesting the 19 presence of the cardiovascular drift phenomena. This is consistent with an adult 20 study showing an increase in HR but no change in ̇O 2 during the recovery intervals 21 of HIIE in male and female middle distance runners (Tocco et al., 2015) .
22
Interestingly, we also found that boys exhibited a lower %̇O2max compared to girls 23 during recovery intervals which is similar to a study on adults employing a HIIE 24 protocol incorporating 60 x 8-s intervals interspersed by 12-s of passive recovery (Panissa et al., 2016 ). This sex difference may be explained by the higher aerobic 1 fitness of boys since higher aerobic fitness is associated with a faster recovery of 2 ̇O 2 during the recovery intervals of HIIE (Panissa et al., 2014) .
3
We observed an increase in RPE during the HIIE work intervals, which is boys had a higher RPE at the work intervals 6 and 8 compared to girls. In contrast to 9 our data, a previous review revealed no differences in RPE between sexes during a 10 graded exercise test or continuous exercise in youth (Groslambert & Mahon, 2006) .
11
An explanation for the current study's sex difference in RPE is not readily apparent 12 but may be attributed to differences in the total amount of work performed during the 13 HIIE protocol as boys were exercising at a greater power output during HIIE.
14 It is well documented that the motivation to participate in exercise or physical 15 activity in youth is influenced by perceptions that the activity is fun and enjoyable or 16 unpleasant and boring (Fox, 1991; Martens, 1996) . In this present study, exercise 17 enjoyment, as measured using the PACES, was higher after HIIE compared to CMIE 18 that is consistent with previous findings (Bond et al., 2015a; 2015b; 2015c) . A novel 19 and original feature of the present study was the analysis of the individual PACES 20 items, which found items "I got something out of it", "It's very exciting" and "It gave 21 me a strong feeling of success", were significantly higher after HIIE compared to 22 CMIE. In contrast, following the CMIE protocol, PACES items "I feel bored" and "It's 23 not at all interesting" were significantly higher after CMIE compared to HIIE. It 24 therefore appears that participants perceived a greater sense of reward, excitement, and success following HIIE compared CMIE. This could link to the attribution theory 1 by Weiner (1986), which has been used to describe achievement-related behaviour. enjoyment. Given that enjoyment to physical activity in youth has been linked to the 7 perceived success once they can succeed at experiences they find challenging 8 (Martens, 1996) , it could be suggested that the challenge posed by HIIE may be an 9 important factor in increasing enjoyment levels compared to CMIE. but not during, the exercise bouts. Values are reported as mean ± standard deviation, probability (p), and effect size (ES). Significant differences are shown in bold. Abbreviations: ̇O 2max, maximal oxygen uptake; HRmax, maximal heart rate; %̇O2max, percentage of maximal oxygen uptake; GET, gas exchange threshold. Figure 1 . The mean peak heart rate (in beats per minute) (a), peak heart rate expressed as a percentage of maximal heart rate (b), peak oxygen uptake (in litres per minute) (c) and peak oxygen uptake expressed as a percentage of maximal oxygen uptake (d) during the interval and recovery phases of the HIIE protocol in boys (•) and girls (○). Where, the HIIE 'interval' phases are 1, 3,5,7,9,11,13, 
